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ABSTRACT 
 
Gravity currents are flows driven by buoyancy differences between two contacting fluids caused by differences 
in temperature, salinity, or by the presence of suspended particles. Such flows can reach high velocities near 
the bed, especially on the area behind the front of the current. As a result, rapid morphological changes may 
take place in river and estuarine beds due to the passage of these flows. Essential to determine the erosion 
induced by the current, are the spatial and temporal distributions of the bed shear stress. However, these are 
troublesome to measure in laboratory or in the field. To bridge this difficulty, the eddy-solving numerical 
simulations may be used. This study presents here the three-dimensional numerical simulations of lock-
exchange salinity currents flowing over a mobile bed. It is aimed at the characterization of the sediment 
entrainment capacity of the current. The large eddy simulation technique is employed for analyzing the 
evolution and the structure of the current. For the sediment simulation, an Euler-Euler methodology based on 
a single phase approach is used. The main features of the current are compared with experimental data 
obtained in the laboratory. Velocity fields and bed shear stress distributions for different initial current densities 
are analyzed and linked to entrainment scenarios. The influence of small variations in particle size of the 
mobile bed is also discussed. 
 
Keywords: Gravity current; large Eddy simulations (LES); suspended sediment transport; sediment erosion. 
 
 
1   INTRODUCTION 
The propagation of gravity currents, triggered by the release of a heavier fluid in a less dense water body, 
can cause, among other phenomena, important environmental impacts such as rapid morphological changes 
in river and estuarine beds, reservoir sedimentation, damages in submarine emissaries and cables, and 
pollutant dispersion. All of this makes their understanding of prime interest in environmental sciences. Gravity 
currents can be formed in many different natural situations. They can be caused by natural events e.g., sea 
breeze fronts, oceanic overflow, avalanches and volcanic eruption; or by anthropogenic activities e.g. 
accidental release of a dense gas, oil spillages or pollutant discharge in water bodies (Simpson, 1997). 
Due to the unpredictable nature of such flows and to technical difficulties, field studies are quite limited. 
Hence, our understanding on the dynamics of gravity currents is based mainly on laboratory experiments and 
high-resolution simulations. The numerical tools that have been mainly used over the last years to study the 
behavior of gravity currents are Direct Numerical Simulations (DNS), that resolves all the relevant scales in 
the flow down to the dissipative range, and Large Eddy Simulations (LES), where a subgrid-scale model is 
used instead of resolving the smaller scales. In particular, pioneering DNS for density-driven gravity currents 
in low Reynolds number were presented by Härtel et al. (2000a; 2000b) and Necker et al. (2002). However, 
DNS is restricted mainly to low Reynolds number flows and simple geometries due to its computational cost, 
whereas LES has proven useful on high Reynolds number flows over complex geometries. Gravity currents 
with high Reynolds number, its effects on the bed shear stress distribution, and its interaction with obstacles, 
were investigated using LES by Ooi et al. (2009), Gonzalez-Juez et al. (2009) and Tokyay et al. (2011). 
Gravity currents have the capacity to erode a loose bed, if they are fast enough so that the bed shear 
stress exceeds the threshold of motion of the bed material (see Figure 1). The sedimentation induced by 
turbidity currents has been extensively investigated in literature (Akiyama et al., 1985; Eames et al. (2001); 
Necker et al., 2002; Blanchette et al., 2005). However, to the best of our knowledge, few studies (Garcia and 
Parker, 1991) focused on the lift-off mechanisms and the distribution of the entrained material in the body of 
the current. To study the particle entrainment induced by gravity currents requires detailed, spatial and 
temporal, measurements of velocities, bed shear stress distribution and sediment concentration. The purpose 
of the present work is to investigate numerically the capacity of salinity current to bring bed material into 
suspension. For this purpose, the LES of compositional gravity currents is performed in lock-exchange 
configuration, flowing over a channel reach where the bed is mobile. Different buoyancy Reynolds numbers of 
Proceedings of the 37th IAHR World Congress 
August 13 – 18, 2017, Kuala Lumpur, Malaysia
©2017, IAHR. Used with permission / ISSN 1562-6865 (Online) - ISSN 1063-7710 (Print) 441
the current and different grain size of the bed particles are tested. The change of particle diameters is 
modeled by changing the critical Shields number and the settling velocity. The density gradient is given by a 
salinity difference between the heavier and the ambient fluid, which is small enough for the Boussinesq 
approximation to be valid. The initial aspect ratio of the lock fluid, R, is large (𝑅 = 𝐻 𝑥0� ≪ 1, where H is the 
water depth and 𝑥0 is the distance between the lock and the rear wall), and this study considers a full-depth 
release. The governing equations of the flow are numerically integrated using LES-COAST, an unsteady 
Navier-Stokes solver, written under the Boussinesq approximation and based on the work in Zang et al. 
(1994). The sub-grid scale (SGS) terms have been modeled using a Smagorinsky dynamic Lagrangian model 
(Meneveau et al., 1996). Both salinity and sediment concentration are considered as active scalars and an 
Euler-Euler approach has been employed, which considers the two phases as a mixture. The numerical 
results provide a detailed description of the salinity current, the comparison of its main features with 
experimental results provided by Zordan et al. (2017). LES supplies information on the velocity and density 
fields, the spatial and temporal distribution of the bed shear stress exactly before the erodible section of bed, 
and the evolution of the sediment concentration above the mobile bed. 
 
 
Figure 1. Sketch of a gravity current propagation and entraining and bed sediment. 
The article is organized as follows: First the case that this paper is planning to study is described along 
with the illustration of the mathematical and numerical model. Sec. 4 presents the main characteristics of the 
current and their comparison with experimental data, while the results for the velocity field and the estimation 
of bed shear stress are discussed in Sec. 5. The contours of entrained sediment concentration are analyzed 
in Sec. 6 followed by a brief summary and the main conclusions. 
 
2 DESCRIPTION OF THE STUDY CASE 
The geometry used in this work was inspired by the experimental configuration described in Zordan et al. 
(2017). A sketch description of the experimental set-up is given in Figure 2. The flume used in the 
experiments was 7.48 m long, 0.275 m wide and was filled at both sides of the gate up to a depth of H=0.2 m. 
Downstream of the horizontal flume the current dissipates in a large tank. The horizontal flume was separated 
by a movable lock-gate at a distance 𝑥0 = 2.5m from the rear wall. At each side of the gate, volumes of fluid 
with different densities were contained. The fluid volume behind the lock had an initial salinity equal to C1sal 
and density ρ lock (see Table 1), while the fluid volume beyond the lock had a zero-initial salinity C0sal=0 kg/m3 
and the density of clear water ρw. Density is connected to salinity by the state equation shown hereafter (Eq. 
1), where β is the salinity contraction coefficient whose value can be found in UNESCO/IOC et al. 2010. 
 
𝜌 = 𝜌𝑤[1 + 𝛽(𝐶sal − 𝐶sal0 ]                                                           [1] 
 
The apparatus simulates the classical lock exchange gravity current (Nogueira et al. 2013; Theiler and 
Franca, 2016). When the gate is removed, the heavier fluid starts flowing towards the bottom of the flume 
creating a current that flows away from the gate, while the lighter fluid is displaced creating a counter current 
that protrudes on top of the heavier fluid. As a consequence, between the two fluids a shear layer forms, 
which provokes mixing due to Kevin-Hemholtz instabilities. 
 
 
Figure 2. Lock-exchange configuration corresponding to the experiments by Zordan et al. (2017) which has 
inspired the numerical set-up. The volume indicated by green color represents the heavier fluid, while the 
volume with the blue color indicates the lighter fluid. The erodible section of the bed is shown by brown color. 
The red dashed line demonstrates the position of the probe where the numerical measurements are collected. 
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 The fluid density on the two sides of the lock-gate is very similar (they do not exceed O (1%)), and the 
Boussinesq hypothesis is valid. Four different simulations are performed using two different values for the 
initial salinity C1sal and changing the bed material characteristics, such as critical Shields parameter,𝜃cr and 
settling velocity, 𝑤s. The numerical parameters for the different runs are reported in Table1. 
 The buoyancy Reynolds number, Reb, and the Froude number, Fr, are defined as, Re𝑏 = 𝑢𝑏𝐻𝑣 ,                                                       [2] 
 
  Fr = 𝑢𝑓𝑟𝑜𝑛𝑡
𝑢𝑏
,                                                    [3] 
 
where ν is the molecular viscosity, u front  is the velocity of the current front at the slumping phase and ub is 
defined as,  
 
𝑢𝑏 = �𝑔′𝐻,                                                      [4] 
where 
 
  𝑔′ = 𝑔 𝜌lock−𝜌𝑤
𝜌𝑤
.                                              [5] 
 
Table 1. Parameters of lock-exchange numerical simulations. 
 ρ lock (kg/m3) 
C1sal 
(psu) g’  (m/s2) 
ub 
 (m/s) 
ufront (m/s) 
Reb Fr 
 
θcr 
 
ws 
A 1030 40 0.294 0.2426 0.109 48991 0.449 0.25 5.5x10-4 
B 1030 
40 
0.294 
0.2426 0.109 48991 
0.449 0.17 
13.7
x10-
4 
C 1040 53  0.392 0.2801 0.117 55961 0.417 0.25 5.5x10-4 
D 1040 
53 
     0.392 
0.2801 0.117 55961 
0.417 0.17 
13.7
x10-
4 
 
3 MATHEMATICAL MODEL AND NUMERICAL SET-UP 
 
3.1 Governing equations and numerical method 
The dynamics of the gravity current obey the Navier-Stokes equations for incompressible flows, in the 
form given by the Boussinesq approximation for the buoyancy effects. The momentum and mass conservation 
equations are also coupled with two scalar transport equations: one for the salinity and one for the sediment 
concentration. In the Navier-Stokes equations, the influence of the density variations due to salinity and 
sediment concentration is taken into account through additional forcing terms in the vertical momentum 
conservation. The LES-filtered continuity equation, momentum equation, and the two scalar transport 
equations have been scaled using the buoyancy velocity of the current 𝑢𝑏 and the water depth H as follows: 
 
𝜕𝑢�𝑖
𝜕𝑥𝑖
= 0,                                                                       [6] 
𝜕𝑢�𝑖
𝜕𝑡
+ 𝜕𝑢�𝑗𝜕𝑢�𝑖
𝜕𝑥𝑗
= − 𝜕?̅?
𝜕𝑥𝑖
+ 1
Reb
𝜕2𝑢�𝑖
𝜕𝑥𝑗𝜕𝑥𝑗
−
∆𝜌�
𝜌lock−𝜌w
𝛿𝑖,𝑗=2 − 𝜕𝜏𝑖𝑗𝜕𝑥𝑗 , [7] 
𝜕𝐶s̅al
𝜕𝑡
+ 𝜕𝑢�𝑗𝐶s̅al
𝜕𝑥𝑗
= 1
RebScsal
𝜕2𝐶s̅al
𝜕𝑥𝑗𝜕𝑥𝑗
−
𝜕𝜆𝑗
𝜕𝑥𝑗
,                             [8] 
𝜕𝐶s̅ed
𝜕𝑡
+ 𝜕(𝑢���𝑗−𝑤s𝛿𝑖2)𝐶s̅ed
𝜕𝑥𝑗
= 1
RebScsed
𝜕2𝐶s̅ed
𝜕𝑥𝑗𝜕𝑥𝑗
−
𝜕𝜂𝑗
𝜕𝑥𝑗
.                 [9] 
 
In the equations above,  ?̅? represents the filtered pressure and 𝑢�𝑖 the filtered velocity vector where 𝑖 
represents the 𝑥,𝑦 and 𝑧 directions of the computational domain. 𝛿𝑖,𝑗=2 is a unit vertical vector against gravity, 
𝑤𝑠 is the settling velocity of the particles, and Scsal and Scsed indicate the Schmidt number of salt and 
sediments concentration, equal to 600 and 1, respectively. The effect of the small-scale diffusion in the 
momentum equations (Eq. 7) appears as additional SGS stresses 𝜏𝑖𝑗, defined by: 
 
𝜏𝑖𝑗 = −2𝜈t𝑆?̅?𝑗,                                                                 [10] 
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where 𝜈𝑡 denotes the SGS eddy viscosity. The additional salinity and concentration SGS fluxes 𝜆𝑖 and𝜂𝑖 
appearing in the scalar transport equation are defined by: 
 
𝜆𝑗 = − 𝑣tScsalt 𝜕𝐶s̅al𝜕𝑥𝑗 ,                                                             [11] 
𝜂𝑗 = − 𝑣tScsedt 𝜕𝐶s̅ed𝜕𝑥𝑗 ,                                                           [12] 
 
with Scsalt and Scsedt  denoting the SGS Schmidt numbers. The SGS quantities are calculated using the 
Lagrangian dynamic model introduced by Meneveau et al. (1996). 
The density variation due to gradients in salinity and sediments is equal to: 
 
∆𝜌�
𝜌lock−𝜌w
= 𝜌−𝜌w
𝜌lock−𝜌w
= 𝐶s̅al
𝐶s̅al
1 + 𝑠𝛽𝐶s̅al1 𝐶s̅ed,                              [13] 
 
with 𝑠 the sediment buoyant density: 
 
𝑠 = 𝜌sed−𝜌w
𝜌w
.                                                                    [14] 
 
3.2 Sediment parameters 
When the gravity current passes over the mobile bed, particles can be eroded and brought into 
suspension. Following the typical approach, it is here assumed that the erosion of sediments begins only 
when the dimensionless bed shear stress, 𝜃 exceeds a critical value. This critical value𝜃cr has been 
determined using the model for suspended sediments of Vanoni (1975), in turn based on the seminal work by 
Shields (1936). The erosion rate is calculated using the pick-up function proposed by Luque et al. (1976) 
which yields to good results for small particle sizes (<200μm), (Van Rijn, 1984): 
 
𝐸 = 𝑎𝜌sed(𝑠𝑔𝑑sed)0.5(𝜃 − 𝜃cr)1.5,                                   [15] 
 
where 𝑎 = 0.02 for spherical particles, 𝑑sed is the sediment diameter and 𝜃 represents the Shields parameter 
equal to 𝜏w
𝑠𝑔𝜌w𝑑sed
. 
 
The settling velocity of the suspended sediments is one of the key parameters to characterize their behavior. 
In this work, the particles are cohesionless and have a mean diameter 𝑑 in the range from 75 to 150μm. For 
this particle range size, there are many different formulations for calculating the settling velocity. Here, the 
approach proposed by Zanke (1977) was chosen, for its simplicity (Eq. 16).  
 
𝑤s = 10𝜈𝑑sed ��1 + 0.01𝑠𝑔𝑑sed3𝜈2 �0.5 − 1�.                                 [16] 
 
3.3 Numerical set up and boundary conditions 
The 3D code LES-COAST developed at the University of Trieste was used to simulate the gravity current 
and the particle entrainment. A detailed discussion of the governing equations and their spatial and temporal 
discretization is provided in Armenio and Sarkar, (2002). The code has been widely tested in the past for 
similar cases (Dallali and Armenio, 2015). The spatial resolution of the domain is 1336x128x80 grid points in 
the streamwise (x), vertical (y) and spanwise (z) direction, respectively. Stretching has been applied in the 
vertical and spanwise directions, following Vinokur’s algorithm (Vinokur, 1983), so that close to the bottom 
walls ∆𝑦+ = 1 and close to the side walls ∆𝑧+ = 1 at the first grid point. This discretization satisfies the 
requirements for wall-resolved LES, and no further wall model is required.  
In the simulations, the bottom and side surfaces are modeled as no-slip smooth walls, while the top free-
surface condition is approximated using a free-slip condition. The presence of the tank is simulating 
numerically by a downstream extension of the numerical domain. Zero salinity fluxes are imposed at all 
boundaries. Concerning the sediment concentration, on the top surface the mass exchange is assumed to be 
equal to zero: 
 
1
𝑅𝑒b𝑆𝑐sed
𝜕𝐶s̅ed
𝜕𝑦
+ 𝑤s𝐶s̅ed = 0.                                             [17] 
 
At the bottom, the mass exchange is a function of the particle erosion 𝐸 and deposition 𝑆 rates, given by: 
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�
1
𝑅𝑒b𝑆𝑐sed
𝜕𝐶s̅ed
𝜕𝑦
+ 𝑤s𝐶s̅ed� ∙ 𝒏 = 𝑆(𝒏 ∙ 𝛿𝑖2) − 𝐸𝜌sed,               [18] 
 
where 𝒏 is a unit vector normal to the sediment surface. Erosion rate, E, is imposed equal to zero everywhere 
except on the mobile section of the bed. The sedimentation rate of the particles is defined as: 
 
𝑆 = 𝑤s𝑐ref,                                                                      [19] 
 
in which 𝑐ref refers to the sediment concentration at the vicinity of the wall, chosen to be equal to the 
concentration of the first grid point away from the wall. 
 
4 DESCRIPTION OF THE CURRENT 
The main focus of this section is to study the main features of the salinity current. In this regard, two 
density currents with different buoyancy Reynolds numbers are simulated (case A and C). The Reynolds 
numbers are chosen to be equal to those used by Zordan et al. (2017). Being the experiments analogous to 
simulations A and C, they will be referred to as Aexp and Cexp in the following.  
The behavior of the current is comparable to similar results found in literature. Figure 3 shows the spanwise-
averaged density field obtained from simulation A. These results are in accordance with those described in 
Constantinescu (2014) for high-buoyancy Reynolds numbers. More specifically, the flow is strongly turbulent 
behind the front, and the billows lose their coherence after a short time. A stable stratification over a slightly 
tilted layer can be observed at a distance from the front. 
 
 
Figure 3. Simulations A: spanwise-averaged dimensionless density contour illustrating the propagation of the 
current for case A at time 𝑡 = 23𝑡0. 𝜌′ represents the dimensionless density field equal to  𝜌−𝜌𝑤𝜌𝑙𝑜𝑐𝑘−𝜌𝑤. 
For case A, the evolution of the front position of the current with respect to the lock-gate is calculated 
numerically and compared with experimental data obtained by the experimental work of Zordan et al. (2017). 
It is worth noting that during the slumping phase, the velocity of the front is roughly constant, which allows the 
head of the front to be examined under quasi-steady conditions (Härtel et al, 2000a). The front velocity is 
measured indirectly by recording the time evolution of the front location, which is defined as the position of the 
nose of the current in the streamwise direction at a height of 2mm from the bed. Simulations can provide the 
whole record of the front location. However, experimentally the position of the front is recorded only above the 
mobile section of the bed. The front location with respect to the gate position measured for A and Aexp is 
shown in Figure 4. A very good agreement for the front velocity becomes evident comparing the slopes of the 
lines. Moreover, these results illustrate that in case A, the presence of suspended sediments does not alter the 
current dynamics. This subject is discussed in details in the next Section. 
 
 
 
 
 
 
 
 
 
Figure 4. Time evolution of the front position, with respect to the lock gate, for numerical case A and 
experimental case Aexp. The red vertical line represents the time instant when the current reaches  
the mobile bed. 
Proceedings of the 37th IAHR World Congress 
August 13 – 18, 2017, Kuala Lumpur, Malaysia
©2017, IAHR. Used with permission / ISSN 1562-6865 (Online) - ISSN 1063-7710 (Print) 445
The shape of the current at a given location also serves as a good validation criterion (Constantinescu, 2014). 
Thus, an accurate depiction of the current shape must consider the interface between current and counter-
current. This interface, however, cannot be obtained directly from Aexp and Cexp because density 
measurements are not available. Nevertheless, by evocating the following assumptions: (1) frozen turbulence 
hypothesis hold true (Parsons and Garcia, 1998), and (2) the interface of the gravity current is conserved 
along streamlines, it is considered that the current is advected by a constant velocity equal to the velocity of 
the front.  In this regard, time series of velocities measurements can be used as means of retrieving the shape 
of the gravity current. It is believed that the inflection point of the velocity profile roughly coincides with the 
interface between the denser and the lighter fluids; that is where the velocity changes sign. Note however that 
this velocity is chosen to be very close to zero, as choosing zero is too general and not measurable in 
practice. The outcomes of the numerical simulations A and C are compared with the experimental results Aexp 
and Cexp. The velocity measurements used in the present work have been taken along the vertical axis at a 
probe located at the same distance from the lock as in Zordan et al. (2017). This is just before the mobile bed, 
and erosion has not started yet. A direct comparison between experimental and numerical data is given in 
Figure 5. The velocity measurements at the present work have been taken along the vertical at a probe 
located at the entrance of the mobile bed. From the plot, it is clear that during the first 7 seconds the head of 
the current, where most of the mixing and dynamics occurs, passes through the probe. After the head, the 
remaining part of the denser fluid, which is carried inertially, passes. Numerical and experimental results show 
very good agreement. 
 
 
Figure 5. Current shape simulated in run A and C compared with the recorded in the laboratory experiments 
Aexp and Cexp, respectively. Plot (a) represents simulation A and experiment Aexp, while plot (b) represents 
simulation C and experiment Cexp. 
 
5 VELOCITY PROFILES AND BED SHEAR STRESS 
The instantaneous streamwise velocity contours for runs A and C, measured at a probe located at the 
half width of the channel at the entrance of the mobile bed are shown in Figure 6. In the same figure, the solid 
line represents the time series of the bed shear stress measured in the same location. The results indicate 
that the portion with the highest erosive power is, as expected, located at the front of the current. This relates 
to the region of high shear in the interface of the billow with the ambient fluid where most instabilities of the 
cleft-lobe type occur. The high-shear region, however, does not present a homogeneous structure in the 
spanwise direction. In accordance to Ooi et al. (2009), the regions of high bed shear show the emergence of 
elongated streamwise streaks of high/low shear.  
In the current, this happens below head and billow. These streaks are responsible of the saltation and 
suspension mechanisms found on loose bed hydraulics. In the billow behind the head, a sudden decrease in 
bed shear is seen instead. The time series of bed shear stress at different spanwise locations is shown in 
Figure 7. Section z1 corresponds to the mid-spanwise probe, while section z2 is located at distance ¼ z from 
the lateral wall. The high variation of 𝜏 that is observed between sections z1and z2 may be also an indication 
of the presence of such streaks.  
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Figure 6. Streamwise velocity contours and bed shear stress evolution on a specific probe in the mid-
spanwise section, (a) represents run A, (b) represents run C.  
 
 
 
Figure 7. Time and space evolution of the dimensionless bed shear stress. Section z1 corresponds to the 
mid-spanwise probe, while section z2 is located at distance ¼ z from the lateral wall. Plot (a) represents the 
time evolution for simulation A, plot (b) represents the time evolution for simulation C, and plot (c) represents 
the space evolution of bed shear stress for simulation A. 
 
6 SEDIMENT ENTRAINMENT 
The previous sections argued that most of the sediment entrainment originating from the mobile bed 
should come from the front of the current, which carries most of the erosive energy. Four different simulations 
are performed (see Table 1) in order to study the capacity to entrain particles. In Figure 8, the spanwise 
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averaged sediment concentration, 〈𝑐〉, contours for the various entrainment scenarios are shown. In particular, 
Figure 8a and 8b represent simulations A and B respectively, where the buoyancy Reynolds number is 
constant (𝑅𝑒b = 48991), but different particle diameters are used for the erodible section of the bed. These 
diameters are chosen within the range of applicability of the pick-up function described with Eq. 15 and also 
different enough to study the forces causing entrainment and suspension. More specifically, changing the 
particle diameter influences the Shields parameter 𝜃cr in Eq. 15 and the settling velocity 𝑤s in Eq. 16. 
Decreasing the particle diameter, particle entrainment increases, as expected. However, the suspension is 
restricted behind the front and drops to almost zero in the body of the current. The total sediment 
concentration in the flow is quite low, O (0.001%). That means that, in cases A and B, the suspended 
sediments can be considered passive without visibly influencing the current dynamics. For this reason, as it 
has been observed in previous section, the front velocity of the current does not change significantly due to 
the presence of the mobile bed.  
 
(a). Simulation A 
 
(b). Simulation B 
 
(c). Simulation C 
 
(d). Simulation D 
 
Figure 8. Visualization of the shape of the current (dashed line) and spanwise averaged sediment 
concentration 〈𝑐〉 contours at different positions above the mobile bed. The shape of the current is identified by 
choosing the iso-density contour 𝜌−𝜌𝑤
𝜌𝑙𝑜𝑐𝑘−𝜌𝑤
= 0.02 as a threshold between the current and the ambient fluid, as 
proposed by Ottolenghi et al., 2016. (a) represents run A, (b) represents run B, (c) represents run C, and (d) 
represents run D. 
 
For simulations C and D, presented in Figure 8c and 8d, the buoyancy Reynolds number of the current 
has been changed to 𝑅𝑒b = 55961, and the same particle diameters mentioned above are tested. In this 
manner, this study discerns the role of turbulence in the transport of the particles. It is clear that the increase 
of the initial density difference leads to a current with higher erosive energy. This is also in agreement with the 
Proceedings of the 37th IAHR World Congress 
August 13 – 18, 2017, Kuala Lumpur, Malaysia
448 ©2017, IAHR. Used with permission / ISSN 1562-6865 (Online) - ISSN 1063-7710 (Print)
graphs in Figure 7, where a substantial increase of the bed shear stress is observed by increasing the density 
of the current. Additionally, by increasing the turbulence, the sediments are able to travel higher in the body of 
the current C.  
A general observation is that the suspended material takes a shape similar to that of the head 
recirculation which might imply some type of scale similarity and coherence between the flows. This trend, 
apparent in Figure 8, is an inverse function of the particle diameter and directly proportional to the density of 
the gravity current. 
 
7 CONCLUSIONS 
In this work, LES has been used to study the sediment entrainment capacity of salinity currents with large 
release volumes and characterized by high Reynolds numbers. In the first part of the paper, the simulation 
results taking into account different Reynolds number have been compared with experimental data by Zordan 
et al. (2017). Very good agreement between numerical output and experimental measurements has been 
obtained for both front velocity and shape of the current. In the second part, the numerical results have been 
analyzed and the dynamics of the currents have been discussed for what concerns velocities and bed shear 
distribution. Finally, the sediment entrainment for different cases has been presented. Presented results 
indicate that the flow behind the front of the current is strongly turbulent, which leads to high peaks of bed 
shear stress. However, the spatial bed shear stress distribution is not uniform behind the front. When the 
current passes over the mobile bed, the stress peaks are the main contributor to sediment entrainment, which 
in turn concentrates just behind the front. Furthermore, as it is expected that by increasing the density of the 
current, its capacity to entrain particles is also increased.  
It is worth mentioning that the numerical results, regarding the particle entrainment, may change 
depending on the mathematical models that are chosen to reproduce erosion and the deposition of the 
particles. Further studies are needed to define the implications behind the choice of a specific model. 
Comparisons with experimental data would also be important for the validation of the numerical model 
regarding the sediment entrainment. 
Finally, the dynamics of the current in general are also dependent on the bed forms that create during its 
passage. These should follow the spatial distribution of the bed shear stress. However, since the bed forms 
influence the current itself, the results might deviate consistently from those reported in this work. Hence, 
further effort should be devoted into clarifying this mechanism as well as to study the feedback of the 
suspended sediments in the current dynamics, as for example their influence on the front velocity of the 
current. 
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